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TECHNICAL NOTE 2486 


THEORETICAL CHARACTERISTICS OE TWO-DIMENSIONAL 
SUPERSONIC CONTROL SURFACES 1 


By Robert R. Morris sett e and Lester F. Obomy 


SUMMARY 


PERMANENT 

BE^ORD. 



The 'iBusemann a econd -order-approx ima tion theory" for the pressure 
distribution over a two-dimensional airfoil in supersonic flow was used 
to determine some of the aerodynamic characteristics of uncambered 
symmetrical parabolic and double -wedge airfoils with leading -edge and 
trailing -edge flaps. The investigation was originally intended for 
application to aileron studies but, since the analysis is based on two- 
dimensional flow, the results are applicable to all types of control 
surfaces . The use of the tern "aileron " may consequently be replaced in 
the present paper by the term "control surface. " The characteristics 
presented and discussed are: aileron effectiveness factor, rate of 

change of hinge -moment coefficient with aileron deflection, rate of 
change .of the pitching -moment coefficient about the midchord with aileron 
deflection, and the location of the center of pressure of the airfoil- 
aileron combination. In supersonic flow leading-edge ailerons were found 
to be much more effective than trailing -edge ailerons. Neither aileron, 
however, is as effective in supersonic flow as the trailing -edge aileron 
in subsonic flow. The calculations show that, for a given thickness 
ratio, trailing -edge ailerons are more effective on wedge airfoils than 
on parabolic airfoils} whereas leading -edge ailerons are more effective 
on parabolic airfoils than on wedge airfoils. The magnitude of the 
values of the rate of change of the hinge -moment coefficient with aileron 
deflection and the rate of change of pitching -moment coefficient about 
the midchord with aileron deflection is greater for leading-edge ailerons 
than for trailing -edge ailerons. 


INTRODUCTION 


In investigations of the aerodynamic characteristics of ailerons, 
the influence of certain factors is not found in the predictions based . 
on a linearized solution. Higher-order solutions are therefore neces- 
sary and consequently the analysis must be made for a two-dimensional 
wing. The results are applicable not only to ailerons but to all types 
of control surfaces. 

Several methods are In use at this time for calculating the pressure 
distribution over thin airfoils in a supersonic air stream. The 
prevailing methods are: the graphical method of references 1 and 2, the 

Supersedes the recently declassified NACA RM L8G12, "Theoretical 
Characteristics of Two-Dimensional Supersonic Control Surfaces" by 
Robert R. Morrissette and Lester F. Oborny, 1948. 
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Ackeret thin -airfoil .theory, the Busemann second -order approximation 
used in reference 3, and the power series of references 2 and 4. None 
of these methods are exact as they do noimonslder the effect of the 
"boundary layer on the airfoil- 

In this paper the Busemann second -order approximation is used as 
the "best compromise because this approximation gives expressions which 
are simple enough to be used in design wprk and which are probably as 
accurate as could be expected of any method that neglects the boundary - 
layer thickness- The Busemann approximation uses only the first- two 
terns of the. power series found in references 2 and 4- Figures 2, 12, 
and 13 of reference 2 show that the first two terms of the power series 
give results that- are close approximations to the results obtained by 
use of the oblique -shock equations and the isentropic -expansion and com- 
pression equations. The method used herein Is a closer approximation 
than the Ackeret theory as the Busemann approximation takes into account 
the effects of Mach number, airfoil thickness, and airfoil shape- 

The second -order approximation, is. limited to small angles and thin 
airfoils - Reference 2 states that the theory used is not— considered 
accurate for Mach numbers less than approximately 1-3* This lower, limit 
has been used arbitrarily in this analysis- Also, the theory is not 
good for Mach numbers below that at which the shock wave detaches. 
Reference 2 gives values for the minimum Mach number for the exisbence of 
an attached shock as a function of the flow -deflection angle- 

The factors varied in this analysis are airfoil thickness ratio, 

Mach number, airfoil shape, ratio of aileron chord to wing chord, and 
location of aileron- The characteristics investigated Included aileron 
effectiveness factor, rate of change of hinge-moment— coefficient with 
aileron deflection, rate of change of pitching -moment coefficient with 
aileron deflection, and location of center of pressure of the airfoil- 
aileron combination. The equations used herein and a sample derivation 
are found in the section entitled "ANALYSIS- " 


SYMBOLS 


c chord of airfoil (taken as = 1.0 herein) 

c a chord of aileron, fraction of airfoil chord 


Cj_ and Cg 


c h 


a 


constants used In. first and second terms of Busemann 
approximation for pressure coefficient in supersonic 
flow 

aileron section hinge -moment coefficient ( h a/ /q 0 c a ^ y 
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c l 

Cm 0.5 

C p 


“ 0-5 


Mo 

9o 

t 

x 

y 

Ap/q. 

dc l a / d5a 

dc^ da 

a 

^a 


5 a/ a 

0 

Po 


airfoil section lift coefficient 

airfoil section pitching -moment coefficient about 
midchord ^mQ.^/^c 2 ^ 

center of pressure measured from leading edge, fraction 
of chord 

aileron section hinge moment 

airfoil section pitching moment about midchord 

free -stream Mach number 

free -stream dynamic pressure ^ ip 0 V 0 2 ^ 

maximum thickness of airfoil section 

free -stream velocity 

distance behind leading edge, fraction of chord 

ordinate from chord line to any point on surface of 
airfoil, fraction of chord 

pressure coefficient 
aileron effectiveness factor 


airfoil angle of attack 

deflection of aileron relative to chord line (considered 
positive when it gives aileron a positive angle 
of attack) 

geometric parameter used in determining center-of -pressure 
location 

local angle between any point on surface of airfoil and 
free -stream direction 


7 


free -stream density 

ratio of specific heats (1.4) 



4 
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Subscripts: 


a 

h 

L 

U 


aileron 

aileron hinge -line position ^except when used in 

lower surface of airfoil 
upper surface of airfoil 


ANALYSIS 


The analysis used in this paper is based on the Busemnn. second- 

Ap 

order approximation for the pressure coefficient- — in supersonic 

Q. 

flow. This coefficient is expressed in reference 3 in the following 
form: 


AP 

4 


= c x 0 + c 2 e £ 


where 


- 1 

7M 0 ^ + ( M q 2 - g) 2 

2(Mo 2 - l) 2 


The procedure used in deriving the equations for the parameters 
considered is illustrated "by the following derivation of the aileron 
effectiveness factor of a parabolic airfoil with a trailing -edge aileron. 
The other parameters are obtained by a similar analysis. 
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Aileron Effectiveness Factor 


Parabolic airfoil with trailing -edge aileron . - The equation for the 
upper surface of a parabolic airfoil with the leading edge at the origin 
and the trailing edge at x = 1.0 is 



The slope at any point on the upper surface of the airfoil is 



2~(1 - 2x) 


The local angle 8 between any point on the surface of the airfoil 
and the free -stream direction, therefore, is 


a _ „ . f <ty\ 

+ 1 si 

v 'U 

= -a + 2^(1 - 2x) 
c 

and 



= a + 2^(1 - 2x) 
c 


It follows then that 


I = C n e T r + CoS' 


l a u ^ °2°U 


u 


= C;l -a + 2|(1 - 2x )] + c 2 -a + 2^(1 - 2x)] 2 
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and 





2 


The pressure coefficient f or the airfoil then is 



or 


= C^(2a) + C2 


Sa^! 



The lift -coefficient of the airfoil is 


c l 



AP 

1 


dx 


pl.O 



= 2a£ 1 


The rate of change of lift-coefficient with angle of attach therefore is 
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The lift coefficient of the aileron c^ due to some aileron 

Q. 

deflection 5 a can "be found in a similar manner. 


Because of the linear nature of the equations for pressure coef- 
ficient, the pressure coefficient at a point on the airfoil can he found 
by adding the pressure coefficient for the wing at angle of attack a 
with undeflected ailerons to the pressure coefficient for the wing at 
zero angl$ of attack with the aileron at angle of attack 5 & . The 

contribution of the aileron defines the control force on the -w ing a-nri for 
that reason may he treated as a separate aileron pressure coeffici en t. 


The pressure coefficient for the aileron 


Ap 

q. 


therefore, 1 b the 


\ 'a 

same as that found for the airfoil except that the aileron deflection 5 a 
is used in place of the angle of attack a* Thus, 



Then, the lift coefficient for the aileron due to some deflection is 






+ 40 2 |(1 



dx 


= 25 a 





- 2s a(l - %)(o x - 40^,) 
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and, therefore, the rate of change of lift coefficient of aileron with 
aileron deflection is 


d°2 

dsf ■ K 1 - x 0(°l - 


The aileron effectiveness factor for a parabolic airfoil with trailing - 
edge aileron thus is 


4c I a / 4s a K 1 ' x fc)(°l - ^h) 

= ( X - %)( X ' ^ K) 


Parabolic airfoil with leading-edge aileron . - The aileron effective 
ness factor for a parabolic airfoil with a leading -edge aileron is 


dc, /dS, 


/ e 


dc^da 


= x v 


1 + 




Wedge airfoil with traillng-edge aileron .- The aileron effective- 
ness factor for a wedge airfoil with a trailing -edge aileron when 
x h ^0. 5 0 is 



dc^/da 





Bnd when x^ ^ 0*50, 


dc, /dB 

W a 

dc^ /da 
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Wedge airfoil with leading -edge aileron . - The aileron effectiveness 

factor for a -wedge airfoil with a leading-edge aileron when ^ 0-50 
is 


a %/ dS * 

dc^y'da 


■ * + 2 af H 1 * *0 


and when z^ ^ O. 5 O, 


a °i a / dS 


a ( C 2 t 


dc^/da 

Rate of Change of Aileron Hinge -Moment Coefficient with Aileron 

Deflection 


Parabolic airfoil with trailing -edge aileron * - The equation for the 
rate of change of aileron hinge -moment coefficient with aileron deflec- 
tion of a parabolic airfoil having a trailing -edge aileron is given as 



"°1 + + ^ h ) 


Parabolic airfoil with leading -edge aileron . - The rate of change of 
aileron hinge -moment coefficient with aileron deflection of a parabolic 
airfoil with a leading -edge aileron is 


dev, 

h a _ P k t 

— r — — u-i + r bo 

1 3 4 


H 3 - O 


Wedge airfoil with trailing -edge aileron . - The rate of change of 
aileron hinge -moment coefficient with aileron deflection of a wedge air- 
foil with a trailing-edge aileron when = 0 * 50 . is 


dev 

n a 

S5 a 


-Ct + 2Co— 
■ - C c 
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and when dc^ = 0 - 50 , 



S8a 



Wedge airfoil with leading -edge aileron . - The rate of change of 
aileron hinge -moment coefficient with aileron deflection of a wedge air- 
foil having a leading -edge aileron when > 0-50 is 

3°ha n „ t I 1 ' 

1ST 1 ' C£ ° 2 

% 

and when x^ = 0 - 50 , 


3c i% 

15I = Cl 


+ 2Co- 


Rate of Change of Pitching -Moment Coefficient" about Midchord with 

Aileron Deflection 

Parabolic airfoil with trailing -edge aileron . - The rate of change 
of pitching -moment coefficient-about-midchord with aileron deflection 
of- a parabolic airfoil having a trailing -edge aileron is given as 


8c m 

<^>a 


= C 


11 




+ + 6 *h 2 


3% + l) 


Parabolic airfoil with leading -edge aileron . - The rate of change 
of pitching-moment coefficient about midchord with aileron deflection 
of a parabolic airfoil with a leading -edge aileron is 


Bcm 0.5 




6x h 
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Wedge airfoil -with trailing -edge aileron . - The rate of change of 
pitching -moment coefficient about midchord with aileron deflection for 
a trailing -edge aileron when x^ ^> 0.50 is 


^“ 0.5 

85 a 




and when x^ = 0 - 50 , 


S5 a 


c l( z h ? 




Wedge airfoil with leading-edge aileron - - The rate of change of 
pitching -moment coefficient about midchord with aileron deflection for 

a leading -edge aileron when x^ = 0*50 is 




= C l( z h 



- 2x>, 4 - 2x> 


0 


and when x^"^ 0 * 50 , 


^ 5 a 



2 )(°i 



Rate of Change of Pitching -Moment Coefficient about Midchord 

with Angle of Attach 

Parabolic airfoil .- The rate of change of pitching -moment coeffi- 
cient about midchord with angle of attach for a parabolic airfoil is 
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Wedge airfoil . - The equation for the rate of change of pitching - 
moment coefficient about .midchord with angle of attack for a wedge air- 
foil is given as 



These equations were obtained from equations found in reference 3 and 
are given here for the sake of completeness.. . 


Center of Pressure 

Parabolic airfoil with trailing-edge aileron. - The center-of- 
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EESUEPS 


Drawings of the parabolic and. wedge airfoil sections used in the 
calculations may he seen in figure 1. These two shapes were chosen 
because they are frequently considered for use in the wings of super- 
sonic aircraft. 

In figures 2 to 40 is shown the variation of the aerodynamic char- 
acteristics of ailerons with airfoil shape, location of aileron, airfoil 
thickness ratio, free -stream Mach number, ratio of aileron chord to wing 
chord, and the ratio of aileron deflection to the angle of attack. 

Table I is an index of the figures. 

In figure 2 (fig. 9 of reference 5 except Busemann curve) a compari- 
son is shown of the results obtained by the method of calculation used 
herein and the results obtained by both the Ackeret theory and the 
method of reference 1. The method presented in this paper giveB results 
that approach those of the method of reference 1 much closer than the 
Ackeret theory. This closer result is due to the fact that thickness 
ratio, Mach number, and airfoil shape are taken into consideration in 
the second -order approximation, whereas these factors are neglected in 
the Ackeret theory. 

Figure 2 also shows that the aileron effectiveness for trailing - 
edge ailerons in subsonic flow is much higher than the aileron effec- 
tiveness of trailing -edge ailerons in supersonic flow. The reason for 
this result is that the flow ahead of the aileron iB affected by the 
aileron in subsonic flow, whereas the flow in this region is not 
affected by the aileron in supersonic flow* 

Unlike the Ackeret theory, the analysis used herein gives the 
following results for an airfoil-aileron combination in supersonic 
flow: 


(l) Leading-edge ailerons are more effective than trailing -edge 
ailerons. (See figs. 3 to 7*) 

S a and 

greater for leading -edge ailerons than for trailing -edge ailerons. 

(See figs . 13 to 17 and 22 to 2 6 . ) 

( 3 ) The center of pressure of an airfoil -aileron combination 
having maximum thickness at the midchord and zero aileron deflection 
is ahead of the midchord (figs. 31 to 3 ^)* 

Mach number. - An increase in the free -stream Mach number gives the 
following results: 

(1) Above a Mach number of approximately 1*75 (depending on thick- 
ness ratio), the aileron effectiveness for leading -edge ailerons is 


(2) The magnitude of the values of dc^^yd 
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increased and the aileron effectiveness for trailing -edge ailerons is 
decreased. (See figs. 8 to 11.) 

(2) The magnitude of the values of Sc^ /d5 a and 5c- /ciS a is 

Sil v )* 5 / 

decreased for both leading-edge and trailing-edge ailerons (figs. l8 
to 21 and 27 to 30). 

(3) In general, above a Mach number of approximately 1.7 the 
center of pressure of an airfoil -aileron combination moves forward as 
shown in figures 31 to 3l. 


Thickness ratio . - The main difference between the first-order 
second -order approximations is the thickness -ratio effect. The second- 
order approximation shows that an increase in airfoil thickness ratio: 


(1) Increases the effectiveness of leading-edge ailerons and 
decreases the effectiveness of trailing-edge ailerons. When the thick- 
ness ratio is zero, the effectiveness is the same for both leading-edge 
and trailing-edge ailerons. (See fig. 12.) 


(2) Increases the ma gnitude of the values of 8c h jb 5 & and 
dc^ jib 6 & for leading-edge ailerons and decreases the magnitude for 

trailing-edge ailerons as shown in figures l8 to 21 and 27 to 30. 

(3) Moves the center of pressure of the airfoil-aileron combina- 
tion forward (fig. 10). 


Airfoil shape . - For a given thickness ratio of the airfoils con- 
sidered herein, the surface slope near both the leading and trailing 
edges of the parabolic airfoil is greater than the slope at corresponding 
positions on the wedge airfoil. In these regions, therefore, the para- 
bolic airfoil acts like an airfoil with a larger thickness ratio. It 
then follows that: 

(1) For a given value of t/c, trailing -edge ailerons are more 
effective on wedge airfoils than on parabolic airfoils j whereas leading- 
edge ailerons are more effective on parabolic airfoils than on wedge 
airfoils. (See figs. 3 to 7.) 

(2) The center of pressure is farther forward for the parabolic 
airfoil than for the wedge airfoil (figs. 31 to 39). 

Ratio of aileron chord to wing chord . - An increase in the chord of 
the aileron increases the surface area of the aileron. As a result of 
this increase in aileron surface: 


(l) Hie aileron effectiveness is increased (figs. 2 to 7)* 
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(2) The magnitude of the value of dc^ j^a increases until the 

aileron chord reaches a value of half the ving chord) then it decreases 
as the aileron chord is increased further. (See figs. 22 to 26.) 


Since the pressure distribution over the wedge airfoil is inde- 
pendent of the chordvlse location as long as the surface slope is a 
constant, the value of is independent of the ratio of the 

aileron chord to the ving chord. After the value of c a /c exceeds 0-5, 

however, the surface slope changes and the pressure coefficient is no 
longer independent of the chordvlse location* Thus, for further increases 
in Cgyc beyond this value, the value of dc^ j<£> & then decreases for 

leading-edge ailerons and increases negatively for trailing-edge ailerons 
(figs. 14, 16 , and 17 ). 


The theory shows the pressure distribution over a parabolic airfoil 
to be a function of the chordwise location. As a result, when the 


ratio 


c a/ c 


is increased, the value of 8 ci 




decreases for leading - 


edge ailerons and increases negatively for trailing-edge ailerons. (See 
figs. 13 , 15 , and 17 .) 


Ratio of aileron deflection to angle of attack . - Increasing the 
ratio of the aileron deflection to the angle of attack results in a 
relatively higher pressure on the aileron surfaces than on the rest of 
the airfoil. The center of pressure is thus shifted forward when 
leading-edge ailerons are used and backward when trailing-edge ailerons 
are used. (See figs. 31 to 34.) 


CONCLUSIONS 


The 'iBusemann second -order-approximation theory" for the pressure 
distribution over a two-dimensional airfoil in supersonic flow was used 
to determine some of the aerodynamic characteristics of uncambered 
symmetrical parabolic and double -wedge airfoils with leading -edge and 
trailing-edge ailerons. 'Within the limitations of the theory used, the 
following conclusions may be drawn about the effectiveness of ailerons 
in the Mach number range ( 1.3 to 4.0) investigated: 

1. Neither leading-edge nor trailing-edge" ailerons are as effective 
in supersonic flow as the trailing-edge aileron in subsonic flow. 

2. For a given airfoil shape at high Mach numbers, leading -edge 
ailerons are much more effective than trailing-edge ailerons. However, 
the relative effectiveness of leading-edge and trailing-edge ailerons is 
a function of thickness ratio and the difference between the two becomes 
smaller with smaller thickness ratios. 



3 


NACA TN 2 486 


IT 


*V 3 . For a given thickness ratio the aileron effectiveness is greater 

for leading -edge ailerons on parabolic airfoils than for leading -edge 
ailerons on symmetrical wedge -shape airfoils J however, trailing -edge 
ailerons are more effective on symmetrical wedge -shape airfoils than on 
parabolic airfoils . 

4. An increase in airfoil thickness tends to decrease the aileron 
effectiveness when trailing-edge ailerons are used, whereas it increases 
the aileron effectiveness when leading-edge ailerons are used. 

5« The magnitude of the values of the rate of change of the hinge - 
moment coefficient with aileron deflection and the rate of change of 
pitching -moment coefficient about the midchord with aileron deflection 
is greater for leading -edge ailerons than for trailing-edge ailerons . 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Ya., April 13, 1948 
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TABIE I - INDEX OF FIGURES 


Figure 

Plot 

Type of 
airfoil 

location of 
aileron 

Wo 

t/c 

°a/° 

6 a/“ 

1 

Drawings of airfoil 








sections used 






- " 

" " - 



against 

°a/° 

Wedge 

Trailing 

1.0 

0-05 

0 to 




edge 

1.0 


3 


against 

°a/° 

. Parabolia 

Trailing 

l'5,3.o, 

.05, 

0 to 


dc^da, 

edge 

1.0 

.10 

1.0 




against 

°a/° 

Wedge 

Trailing 

1-5, 3*0, 
1-0 

■05, 

0 to 



dc^da, 

edge 

.10 

1.0 



do, /d& 

a 

against 

c a/° 

Parabolic 

Leading 

1.5, 3>0, 

•05, 

0 to 


y 

do^da, 

edge 

1.0 

.10 

1.0 


f. 

do Ja /d8 a 

against 

c a/ c 

Wedge 

Leading 

1-5, 3-0, 

. 05 , 

0 to 



do^/da 

edge 

1.0 

.10 

1.0 


7 

d ° l a / d8 a 

against 

c a/° 

Parabolic 

Trailing and 

1.0 

.10 

0 to- 


Oc^jAa 

and wedge 

leading edges 

1.0 


8 

dc la /d8 a 

against 

“o 

Parabolic 

Trailing 

1.3 to 

0 , . 05 , 

.2 


dc^da 

edge 

1.0 

.10 


9 

“•.A'- 

dOj^da, 

against 

«o 

Wedge 

Trailing 

edge 

1.3 to 
1.0 

o , . 05 , 
.10 

.2 

... 

10 

"“■.A 8 * 

against 

«0 

Parabolic 

Leading 

1.3 to 

0,.05, 

.2 


doj/da 

edge 

1.0 

.10 


n 

*\A». 

dCj^da 

against 

Wo 

Wedge 

Leading 

edge 

1.3 to 
1.0 

0, .05, 
.10 

.2 

... 

12 

te *a/“ a 

against 

t/c 

Parabolic 

Trailing and 

1-5, 3-0/ 

0 to - 



dc^/da 

leading edges 

1.0 

.10 



13 

^ha 

-^g- against o a /( 


Parabolic 

Trailing 

edge 

1.5, 2.0, 
1.0 

•05, 

.10 

0 to 
1.0 

... 
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TABLE I — IEDEZ OF FIGURES — Continued 


Figure 

Plot 

Type of 
airfoil 

Location of 
aileron 


against c a /c 

d8 a 

Wedge 

Trailing 

edge 

15 

against c £ /c 

36 a 

Parabolic- 

Leading 

edge 

16 

against c a /c 

Wedge 

Leading 

edge 

17 

against c a /c 

9 B a 

Parabollo 
and wedge 

Trailing and 
leading edges 

18 

8cv 

h a 

against Jt, 

S5 a 

Parabolic 

Trailing 

edge 

19 

3 c,, 

% 

against Mg 

3 g a 

Wedge 

Trailing 

edge 

20 

against M_ 

3S a 

Parabolic 

Leading 

edge 

21 

— — against Mg 
° 8 a 

Wedge 

Leading 

edge 

22 

aC “o -5 

against 0 a /c 

98 a 

Parabolic 

Trailing 

edge 

23 

against c a /c 

&8 a 

Wedge 

Trailing 

edge 

2^ 

^.5 

against c a /c 

d5 a 

Parabolic 

Leading 

edge 

25 

Sorao .5 

against c a /c 

88 a 

Wedge 

Leading 

edge 

26 

3Cn °.5 . . , 

against c a /c 

85 a 

Parabollo 
and wedge 

Trailing and 
leading edges 



1.3 to 
4.0 


1.3 to 

It-.O 


1.3 to 
4.0 


















£0 
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TABLE I__— INDEX OF FIGURES — Concluded 


Figure 

Plot 

Type of 
airfoil 

Location of 
aileron 

Mo 

t/c 

°a/° 

B 

27 



Parabolic 

Trailing 

1.3 to 

0.05, 

0.2 


S8 a 

edge 

1.0 

.10 



28 

against 1C. , 

85 a 

Wedge 

Trailing 

edge 

1.3 to 
1.0 

■05, 

.10 

.2 

... 

29 

a °“0.5 

against Mg 

d&a 

Parabolic 
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(a) Parabolic airfoil. 



(b) Wedge airfoil. 


Figure 1.- Airfoil sections used in calculations 
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Aileron chord/wlng chord, o^/o 

figure 2 .- Aileron ef feotlveneae as a funotlon of the 
ratio of aileron chord to wing chord for an un- 
cambered wedge airfoil having maximum thiokneea 

at mldohord and tralling-edge aileron. - • O.05. 

I ® 

(Curve a with exception of Buaemann curve are from 
figure 9, reference 5«) 


ao Z /a s 
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(a) | = 0.05. 

Figure 4 -.- Aileron effectiveness as a function of 
the ratio of aileron chord to wing ohord for an 
. uncambered wedge airfoil having maximum thickness 
at midchord and tralllng-edge aileron. 


Aileron effectiveness faotor, 
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Aileron ohord/wlng chord, o ft /e 

(b) | s 0.10. 

Figure 4-.- Concluded. 
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o ]o 
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Aileron chord/wing chord, Cq/c 

(a) S = 0.05. 

0 

Figure 5.- Aileron effectiveness as a function of 
the ratio of aileron chord to wing chord for an 
uncambered parabolic airfoil having maximum 
thickness at mldohord and leading-edge aileron. 


Aileron effectiveness factor 
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Aileron ohord/vlng ohord, Og/c 

(b) i = 0.10. 

0 

Figure 5«- Concluded. 








Aileron effectiveness factor 
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Aileron chord/wlng ohord, Og/o 

(b) i = 0.10. 

0 

Figure 6.- Concluded. 
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Parabolic airfoil 
Wedge airfoil 


. Leading-edge aileron 
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/Tralllng-edge aileron 


/. 


Aileron ehord/ving chord, Or/c 

Figure 7.- Aileron effectiveness as a function of 
the ratio of aileron chord to wing chord for un- 
oambe'red airfoils having maximum thickness at 
midohord. = 4.0: 1 s 0.10. 
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Figure 8.- Aileron effectiveness as a function of the free- 
stream Maoh number for an unoambered parabolic airfoil 
having maximum thickness at mldohord and traillng-edge 

aileron, -j- = 0.2. 
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Figure 10.- Aileron effectiveness as a function of the free-stream 
Mach number for an uncambered parabolic airfoil haying maximum 

c a » q 

thlokness at mldohord and leading-edge aileron. ■— s 

C 
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Figure 11.- Aileron effectivenees as a function of the free-stream 
Mach, number fop an juig^ipbered tfedge airfoil having maximum 

thickness at mldohord and leading-edge aileron, tp = 0 . 2 . ■ 


Aileron effectiveness factor 
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Figure 12.- Aileron effectiveness as a funotlon of 
thiokness ratio for an uncambered parabolic air- 
foil having maximum thickness at mldohord. s 0.2. 
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(a) | = O.05. 

0 

Figure 13.- Rate of ohange of aileron hinge-moment 
ooeffiolent with aileron defleotion as a 
function of the ratio of aileron ohord to wing 
chord for an un cambered parabolic airfoil having 
maximum thiokness at aidohord and trailing-edge aileron. 
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Aileron ohord/wlng chord, o a /c 

( r ) | = 0.05. 

Figure 15 •” Rate of change of aileron hinge-moment 
coefficient with aileron deflection as a 
function of the ratio of aileron chord to wing chord 
for an uncambered parabolic airfoil haring maximum 
thickness at midchord and leading— edge aileron> 




Bate of change of aileron hinge-moment coefficient with aileron 

deflection, 6c h /b6 
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Aileron chord/wing chord, Og/c 

(b) i = 0.10. 
o 

Figure 15»- Concluded. 



Rate of change of aileron hinge-moment coefficient with 
aileron deflection, 
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Aileron chord/wlng chord, g^/c 

(a) 5 s 0.05. 

0 

Figure 16.- Rate of change of aileron hinge-moment 
coefficient with aileron deflection as a 
function of the ratio of aileron chord to wing 
chord for an unoambered wedge airfoil haring 
maximum thickness at midohord and leading-edge 
aileron. 
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Aileron chord /wing chord, Cg/o 

(h) 5 = 0.10. 

0 

Figure 16.- Concluded. 



Bat* of change of aileron hinge-noaent coefficient with aileron deflection 


MCA TN 2 486 


¥ 



* 



Aileron chord/wlng chord, o # /c 

Figure 17.- Bate of change of aileron hinge-noment 
ooefflolent with aileron deflection as a 
function of the ratio of aileron ohord to wing 
chord for unoambered airfoils haring m&xlnUm 
thlokneie at mldohord. U Q - 4,0; | s 0,10. 
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1.5 2.0 2.5 3.0 3.5 4.0 


Free-stream Hach number, K 0 

Figure 18 .- Rate of ohange of aileron hinge-moment coefficient 
with aileron deflection as a function of free-atream 
Haoh number for an uneambered parabolio Airfoil having 
maximum thickness at midchord and tralling-edge aileron. 

T a0 - 2 - 



Bate of change of aileron hinge-moment coefficient with aileron deflection 
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Free-atream Mach number, K 0 

Figure 19.- Bate of change of aileron hinge-moment coefficient 
with aileron defleotion as a function of free-atream 
Mach number for an unoambered wedge airfoil haring maximum 
thiokneaa at midohord and trailing-edge aileron. 2$ a 0.2. 








Figure 20.- Bate of change of aileron hinge-moment coefficient 
with aileron defleotlon as a function of free-stream 
Mach number for an uncambered parabolie airfoil haring 
maximum thickness at midchord and leading-edge aileron. 

°a _ „ „ 
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Free-stream Mach number, M 0 

Figure 21.- Rate of ohange of aileron hinge-moment ooeffloient 
with aileron defleotion as a function of free-stream 
Maoh number for an unoambered wedge airfoil having maximum 

thickness at mldohord and leading-edge aileron. ~ s 0,2. 




NAG A IN 2k 86 


51 



Aileron chord /wing ohord, Oj^/o 
(*) | = O.05. 

Figure 22.- Rate of ohange of pltohlng-moment ooefflolent 
about mldohord with aileron defleotlon as a 
function of the ratio of aileron ohord to wing ohord 
for an uncambered parabolic airfoil having maximum 
thickness at mldohord and traillng-edge aileron. 
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Aileron ohord/wing chord, Og/o 
(a) | s 0,05, 

figure 23.- Rate of change of pitching-moment coefficient 
about mldohord with aileron deflection as a 
function of the ratio of aileron ohord to wing chord 
for an uncambered wedge airfoil having maximum 
thicknese at mldohord and traillng-edge aileron. 



Hate of change of pitohing-aoment coefficient about midohord with aileron deflection , be 
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Aileron ohord/wing chord, Cg/c 

(a) i Z O.05. 
c 

Figure 24-.- Rate of ohange of pltchlng-moment coefficient 
about mldohord with aileron deflection as a 
function of the ratio of aileron chord to wing chord 
for an unoambered parabollo airfoil having maximum 
thickness at midohord and leading-edge aileron. 



Bate of change of pitching-moment coefficient about mldohord with aileron deflection 
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(a) | = O. 05 . 


Figure 25 .- Hate of change of pitohing-moment ooeffioient 
about midohord with aileron deflection as a 
funotion of the ratio of aileron chord to wing chord 
for an unoambered wedge airfoil having maximum thickness 
at midohord and leading-edge aileron. 
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Aileron chord/wing chord, Og/o 

Figure 2 6.- Rate of ohange of pitching-moment coefficient 
about midchord with aileron deflection as a 
function of the ratio of aileron chord to wing ohord 
for uncambered airfoils haring maximum thickness at 
midohord. ' M Q S 2.0; | Z 0.10. 



Bate of ohange of pi t ohl ng-mome nt coefficient about midchord with aileron deflection, &c 
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Free-stream Maoh number, M 0 

Figure 27.- Bate of ohange of pitching-moment coefficient about 
mldohord with aileron deflection as a function of free- 
etream Maoh number for an unoambered parabolic airfoil having 
maximum thickness at mldohord and tral ling-edge aileron. 
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free-stream Kaoh number, H 0 

figure 28.- Rate of change of pitohing-moment coeffloient 
about midohord with aileron deflection as a 
function of free-stream Maeh number for an unoambered 
wedge airfoil having maximum thlokness at midohord 

and trailing-edge aileron. ~ : 0.2. 




Bate of change of pitching-moment coefficient about midohord with aileron defleotion 
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Free-stream Kaoh number, M 0 

Figure 29*- Bate of change of pitohing-moment coefficient 
about midohord with aileron defleotion as a function 
of free-stream Maoh number for an unoambered parabolic 
airfoil haring maximum thickness at midohord and leading- 

edge aileron. s °*2. 
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Free-atream Mach number, H 0 

Figure JO.- Bate of change of pitching-moment coefficient about 
midchord with aileron defleotion as a function of free- 
etream Maoh number for an unoambered wedge airfoil haring 
maximum thickness at mldohord and leading-edge aileron. 

T = °-2- 
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foil having maximum thickness at midchord and trailing* 

edge aileron. - 0 . 2 3 * 3 0 , 10 . 
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Free-stream Maoh number, M 0 

Figure 3 2 -- Looatlon of center of pressure as a function of 
free-stream Maoh number for an unoambered wedge airfoil 
having maximum thickness at midchord and trailing-edge 

aileron. 0.2; i = 0.10. 

0 0 
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Figure 55 .- Location of center of pressure as a function of 
free-stream Mach number for an uncambered parabolic air- 
foil having maximum thickness at midehord and leading- 

edge aileron. £§ = 0.2; £ - 0,10. 

o 0 





Location of center of pressure 



Free- stream Mach number, M Q 

Figure 3^»- Location of center of pressure as a function of 
free-stream Mach number for an uncambered wedge airfoil 
having maximum thickness at midchord and leading-edge 

aileron. — - 0.2j = 0.10. 
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Aileron chord/wlng chord, Ca/o 

Figure 37.- Location of oenter of pressure as a function 
of the ratio of aileron ehord to wing ohord for an 
unoambered parabolic airfoil having maximum thickness 

fio 

at raidchord and leading-edge aileron. M 0 = 4.0; «— = 1.0. 
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Aileron chord/wlng chord, Ca/o 

Figure 39.- Looatlon of center of pressure as a function 
of the ratio of aileron ohord to ving chord for un- 
cambered airfoils having maximum thicfcneee at midohord. 

M 0 = 4.0; — = 1.0; £• = 0.10. 

w a ° 



NACA TN 2400 



Thickness ratio, t/o 
(a) Trai ling-edge aileron. 

Figure 4o.- Location of center of pressure as a function 
of the thickness ratio for an uncambered parabolic 
airfoil having maximum thickness at midchord. 


0 , 


Location of center of pressure, 
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(b) Leading-edge aileron. 
Figure 4-0.- Concluded. 
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